The highest dicentrine content (19.5 ± 0.3 mg/g dry weight) from callus culture of Stephania venosa was achieved from stem segments cultured on MS medium supplemented with TDZ 0.5 mg/L and NAA 1.0 mg/L. Cell suspension cultures were established from callus cultured on MS liquid medium with the same plant growth regulators. Dicentrine production from S. venosa cell suspension cultures was obtained in the range of 15-26 mg/g dry weight. Elicitation in cell suspension cultures by chitosan (50 mg/L) and salicylic acid (2 mg/L) for 6 days significantly increased dicentrine content. Our findings indicate that callus and cell suspension cultures of S. venosa can produce high levels of dicentrine as an alternative source of plant materials.
Stephania venosa (Blume) Spreng, family Menispermaceae, is a climbing plant, containing red sap [1] . As a Thai traditional remedy, the plant has been used for neuronal function, as an appetizer, and the treatment of diabetes. The ethanol extract of the tuber showed anticancer and antioxidative activities [2] . Moreover, isolated alkaloids from S. venosa were shown to have biological properties such as acetylcholinesterase inhibitory activity and apoptotic activity on human ovarian cancer cells [3, 4] . Many bioactive alkaloids have been found in tubers of S. venosa, including dicentrine, an aporphine type isoquinoline. Dicentrine was reported to be an alpha-1 adrenoceptor antagonist [5] , and to have antiarrhythmic [6] , antitumor [7] , antiplatelet [8] and acetylcholinesterase inhibitory activities [9] .
Because of its pharmacological properties, higher yielding dicentrine sources are of interest. The long time needed to obtain tubers from intact plants makes production of dicentrine from plant tissue cultures of great interest. In this study, callus and cell suspension cultures of S. venosa were established and the effect of the addition of chitosan and salicylic acid on dicentrine production in cell suspension cultures was investigated. This is the first report of dicentrine production in cell cultures of S. venosa. Callus derived from stem segments of S. venosa in vitro plants was cultured in Murashige and Skoog (MS) medium supplemented with various thidiazuron (TDZ) and 1-naphthaleneacetic acid (NAA) ratios. The supplement ratios in which callus growth was good after more than five subcultures were selected to determine dicentrine contents, as shown in Table 1 . Callus cultured in MS medium supplemented with TDZ 0.5 mg/L and NAA 1.0 mg/L, which resulted in the highest dicentrine content (19.5 ± 0.3 mg/g dry weight), was chosen for cell suspension cultures in liquid medium. The appearance of the callus was watery, compact and green-yellow in color.
The growth rate of S. venosa cell suspension cultures and the dicentrine production are shown in Figure 1 . Dicentrine accumulation reached its maximum level (26.5 ± 0.5 mg/g dry weight) at six weeks. The highest biomass production was observed at five weeks of culture (0.67 ± 0.07 g/flask). The exponential phase of cell culture was exhibited during 21-35 days, which was enriched with secondary metabolite production precursors. For this reason, twenty-five days old cell suspension cultures were chosen for elicitor experiments.
Chitosan has been used as an elicitor for improving alkaloid production in different plant species such as Ruta graveolens [10] and Eurycoma longifolia [11] . The defense mechanism occurs when oligosaccharides from chitosan are released and attach to the oligosaccharide receptors located on the plant cell membrane; this induces the signal for phytoalexin formation [12] . Although chitosan, at a concentration 50 mg/L, significantly increased dicentrine production (21.0±1.3 mg/g dry weight) on day 6, all other concentrations of chitosan at every investigated period decreased dicentrine production in the cell suspension cultures (Figure 2A ).
Salicylic acid is an endogenous signal mediator in plants for defense response against pathogens, and is involved in plant growth and development [13] . To act as an elicitor, salicylic acid induces gene expression leading to biosynthesis of secondary metabolites in plant cell cultures [14] . In S. venosa suspension cultures, elicitation by salicylic acid at a concentration of 2.0 mg/L for 6 days led to significantly increased dicentrine production (22.4 ± 0.07 mg/g dry weight), whereas other treatments did not ( Figure 2B ). In Eschscholtzia californica suspension cultures, salicylic acid decreased benzophenanthridine alkaloid content in all the investigated exposure periods, except on day 7, when alkaloid production was increased [15] . According to the effects of both elicitors observed in this study, it could be concluded that exposure for 6 days with the two elicitors at high concentration is the optimal condition to elicit S. venosa cells. Some Menispermaceae and Lauraceae species also produce dicentrine, for example the flower buds and peduncles of Lindera megaphylla [16] , fruits of Ocotea puberula [17] and leaves of Cissampelos capensis [18] , but the yields from these were lower than those from our S. venosa cell suspension cultures (26.5 mg/g dry weight). We also studied the dicentrine content of S. venosa plants. The result showed that the cell suspension cultures can produce 5-to 35-fold higher contents of dicentrine than natural leaf (3.5 mg/g dry weight) and tuber (0.48 mg/g dry weight), respectively (Figure 3 ). In addition, dicentrine accumulation in twenty-five days old suspension cultures of S. venosa from our study were not only stable after more than six subcultures, but also the content was higher than that found in hairy root cultures of S. suberosa after the same culture period [19] .
In conclusion, our present work using callus and cell suspension cultures of S. venosa could be recommended as an alternative source for higher dicentrine production.
Experimental

Plant material and in vitro cultures:
Tuber, leaf and petiole of S. venosa plants (10-year-old) were harvested from the Botanical Garden in the Faculty of Pharmaceutical Sciences, Khon Kaen University (May, 2012). S. venosa seeds were collected, washed with distilled water, then soaked in 2.4% sodium hypochlorite solution for 10-20 min, washed 3 times with sterile distilled water, soaked in 70% ethanol for 1 min, and then cultured in hormone free Murashige and Skoog (MS) medium. In vitro plantlets were obtained and their stem segments used for callus formation in varied ratios of thidiazuron (TDZ) and 1-naphthaleneacetic acid (NAA) in MS medium. The optimal ratio of these plant growth regulators was chosen for cell suspension culture in liquid MS media. The cell suspension cultures were agitated on a rotary shaker that operated at 100 rpm at 25°C, in light for 16 h per day, and were subcultured every month into fresh medium.
Growth curve of cell suspension cultures:
After subculture of the cells into fresh liquid medium with the optimal supplement ratio, S. venosa cell suspension cultures were harvested every week for 6 weeks and then dried at 50C. The dry weights of cultures were determined, and then the material was prepared for dicentrine content analysis by HPLC.
Elicitation: Twenty-five day old S. venosa cell suspension cultures were elicited with chitosan (10, 20 and 50 mg/L) and salicylic acid (0.5, 1.0 and 2.0 mg/L). After elicitation, the cultures were harvested on days 3, 6 and 9. Each experiment was conducted in triplicate.
Extraction and determination of dicentrine contents:
Dry samples were ground and 30.0 ± 0.5 mg was placed in each microtube. Methanol (0.5 mL) was added and the mixture sonicated for 15 min. The extracts were centrifuged at 3,000 rpm for 3 min and the supernatant collected. This process was repeated 3 times and then the overall supernatant of each sample was evaporated and redissolved in 1.0 mL methanol. The dicentrine content of each sample was determined by HPLC using a RP-18 column, a Hewlett Packard series 1100 with UV/VIS detector, a working wavelength of 308 nm, a flow rate of 1.0 mL/min, and a solvent system of 35%, v/v, acetonitrile and 0.1%, v/v, aqueous trifluoroacetic acid. Each sample was examined in triplicate.
Statistical analysis:
The data for the elicitation experiment were analyzed statistically by one-way analysis of variance (ANOVA) and comparison with Tukey's HSD at a probability level of 0.01.
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